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Almost for two centuries, since the-bveginning of industri-
al utilization of methods of the ingot stesl prodpction; the
metallurgists have been trying to dovolob variou- methods of

production of stcol with the minimum contont of -uch £9808 ar

o
0% o

oxygen, nitrogen and hydrogon.

-

P.P. Anosov paid spocill attention to provo;ting nblt.n

. steel from contacting the air before and during the pouring,

He counducted experiments of pouring ltool dircctly through th.
bottom of the crucible.‘then the mo1ld '-- placod on tho cguciblo

A
.;and/tho atool qas pourod 1nto the mold by quiok‘turning of thi-

set.upside down. .
P.P. Anosov - introduced lubdbrication or'honted moﬁld. wifﬁ

tallow considering trat 'g-doi'producod by burning tasllow pre-

-~

vent air from- ponotrating to the ctoolJ;]
At the early stages of dovclopnont of tho Bostonor -otho&.
the application of mangsnese in vnriou- ror-a for deoxidation
of steel was the only method of the nanuractur. of metal fit
for further procossing. . .. . ‘_ . .. h
D.Ke °Chernov cxplniningffho.c.usog -nd.gho mechanism of
ges blowholes origination in steel 1nqot; and ti&ing to find
e way of oliwinéting this phencmenon ;tatnd that “if we eould
prevent. the ;too{ from overcooling ’nq -; the saxe tixe protect
it rrqp o;idaf{oq by the gurfoundins -Qr. than this iind'or pOue
ring qnl&. repeated several times, would almost conblot.ly rree

the steel from all the g-.os'[ﬁl,l

P
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Inprovonoitqbr deoxidation prococloo; utilization of char-
go materials with thé minimum hydrocon contcnt, -pplioatton or
oxyson ip the converter methods of steel production - thoso .r.

the meens used by not.llurgi,tg for high quality steel produoe

Ll -] <o

tion., . A )

Development of nodg;n super hiéh -ﬁ-.d transport, buildihc
of'power stﬁtions utifﬁzingmhucﬁcaz.onorgy{’wido°.pp11eat1cs
of semiconductore 1; various devices, dovolbpnent of many bran-
ches of modern technology\f are unlpngin-blo without'utilizud
tion of pure metals &nd alloys., . . |

Prcducticn of pure metals and elloys became possible due
to the utilization of vacuux furnaces, ;hich -llow'u; to con-

duct heats in eir«tight chambers upon very. low procaur.s. The
prosont-day utilization of vecuum indyction, nq‘nd resistance
furnaces 1a due to the fasct that it is impossidle to produce
some metals ;nd alloys of desirabdble oonpoaitioh in any otﬁor

furnaces, on the one hand, a2nd that by melting in vacuum we
cen radically improve the propo;;;hs‘of steels and alloys as
compared with "éonventional furnécee.,

The most irportant task fescing the high qutlity steel’
‘metallurgy- is development and industrial applic-fion of me=-
thods providing for production of steel containing the mihi-
mum of such harmful elements as oxygen, nitrogon. hydrogen and
nonmetallic incluaiﬁn-.

Application of vacuum is a basic means for successful
solution of this problex. ‘ .

While producing any kind of steel, the content of o;yctn‘
dissolved in”1it can be reduced by appropriate deoxidetion. Bus

.this dces not completely guarantee the low oxygen ateel pro-
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duction. The oxydes of deoxidizing elements, whieh are produ-
ced during deoxidation, though issoluble in moltem metal, csn
substantially influence the properties of steel 1if they accu-
nmulate and remain in steel as a sopdboto‘pha-o ]nglpotnllic

inclusions). .

The task of production of steel rroe?rronotho nonmetellio
inclusions ;n conventional furq-ceg is practicqlly insolvable.

From currentiy used deoxidizers only carbo; interacting
with the oxygen dissolved in the molten metsal produco-'éaeoou.

oxides insoluble in metal. Equilibrium cgnstant of decarboni-
Pcox

zetion roactionz [c]) +x{ 0] = cox(gas) [ Kc = 127" W-

does not depend upon the pressure at a givon tomporaturo.
v At stable equilibrium constant, docgguno of gaseous phase
pressure (o.rbo;?&fldo mainly) naturally. reduces the value of

fzc] x [%0)*. .

In other words, spplication of vacuux can increase deoxi-

pPowek 7

dizing of carbon and thus npko it possibdle to ‘produ=-
ce steel deoxidized by carbon oniy 1. c. free from the produot-
of deoxidation reaction,

in en experiment conducted by G.A.G.znyk !f} it was found
that in producing transformer steel 1n}v-cuun induction furnaces
the value of [’g] (;d]x varies from ©.00002 to 0,00007, while
at 1600 C, carbon monoxyde being at thc atmosphers pressure,
this value is equel to 0,0020 - 0.0025. The tranafomer stieel
was produced in a residual pressure bf the furnece spproximating
I mm LHge. ansequontly, such a lowering of pressure carbon mon-

oxyde resulted in elmost one hundred times incresse of deoxidi-

zing power of carbon.
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Keeping in mind thet the steel predused contaimed 3% of si.
licon, it becomes evident that in the adove u.ntionol comditions
carbon proved stroqgtr dooxidizof than silicon,

NMolten metal deoxidation speed in vecuum is in & direct ratio
~to the sﬁeodoorad.c-rbonlsation. as ihotn on fig.I. The fact that
the npeed-ot'runoving oxygen from metsl is several times higher
that the speed of docarboniz.tion is 7very important for the prasc-
rice of steel production. Thia dissirilarity bdetween lowering of
‘caxbonaaad oxygen contents in a metal, considering tho proxillty

"of their stomic weights, can only bi explained by the fact that
a considereble part of oxygen is removed in the form of its ocom-
pounds with sulphur and silicon as well Il in the form of car-

if we also consider rsther lot carbon oontont 1n the \

bqq dioxyde,
motal; Pig 2. shows change of the carbon, oxygen and sulphur con-
tent in molten metal kept in vacuum in an induction furnace of
150 kg capacity,

The given date prove that pert of the oxygen is removed in
the form of its compound with sulphur, and we can not speak of
any other mechanizm of sulphur removal, there dbeing no slag on
the surface of metal at that stage of the heat,

Low partial pressures of nitrogen and hydrogen in vacuum
furnaces make it po-u1b1+o remove these gases from the molten
metal in which they ars dissoclved. Particles of nitrides anad
oxides suspended in the molten metal can also be removed during
decarbonization, since the surface dividing cerbon monoxide bube

bles ‘rom the metal is the flace whers these suspended particles

sre adsorbed. Consequently application of vacuum enables us to

L 4
produce steel with low oxygen as well as nitrogen and hydrogen con-

tents,
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I. Iafluanee of Balting Rethad
upon the properties of tramsformer steel.

.Advnntug;a of melting in vacuum were utilised in transtfor-
rer steel production, which must have small Lysteresis losses,
low coercetive force value and high -ngnctic ra;m‘aea e‘ﬁ
To find out the influence of melting notbod upon trnnaror-or-
steel properties two groups of heats were conducted: - one 1n
a conventional and the other in -'vncuun 1nduption'rufnnqost¥]
The resicdual pressure in the vacuum furnace was from I to IO

-’IHGO .
Chemical analysis of steel of the two'groﬁpa heats is gi-
. .

[ L]

ven in table I. ‘
. AS toilols from the data of table I steel melted in vacuum

~

is charactorizod by lower carbon, oxygen, hvdrogon and nonnot.-
1lic inclus'ions ‘'content, '

Bn.1c~prop£rtios of the tr-ﬁirorior steel directiy depend
upon 1its oxygon content as schown on rie. '3, Similar dependence
was found botwoon properties of the tr-naforuor steel and its
nonmetallic inclusions content.

ihilo studying nonmetall ic inclusions extracted from the
steel by anode dissolution of it, it was found th.t inclusions
in the steel smelted in a conventional furnace are fine silieate
particles containing more than 60% of alumina; in the steel mel-
ted in a vacuum furnace large silicate globubs were found containiyg
about 90% of silice. What is more important, the nonmetallic
inclusicn pn;iiclol extracted from the steel relted in vacuum

proved nonmégnetic, as different from the inclusions found in
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the steel melted in a conventional furnmace. .

Fig. 5, shows ricrophotos of nonmetallic inclusion partic-
les extracted by anode dissolution: s - from vacuum melted tran-
sformer steel ,_2 « steel melted in a convontionnl'rurnace.

Lower nonmetalic inclusions content resulted in & large
grain steel, without impurities accumulations arcund grains,
£s strown on fig. 5.

Finslly, the watt losses of the wvmcuuwm smelted transformer
steel proved to be 20 - 25% lower than those of the steel pfo-
duced in a conventional furneace,

During the i1ndustrial tests of the suggested rethod, tran-

sformer steel with the increased silicon content (from 3,45 to

4,12 per cent) was produced 4es = VWW 4,( /va

capesry L S7.
The ¥teel was then machined on & cold-rolling mill into a

berd 0.32; 0.20 end (0,08 mm thick,
. It 1s known that high silicon content in transformer steel

" makes the cold-rolling of it more difficult, ospocially when

the rolling is conducted with high degrees of deformation., But

the steel melted in vacuum, despite 1ts high silicen content,

and due to lower content of nonmetallic inclusions was easily

rolled. into sheet- 0.08 m.m. thick,.

: Table 2 gives the coercetive force values after the final
high temperature annealing of steel piafel of various thiocke-

ness, As can be seen rfrom the table 2, the steel has high pro-

pertioa.k
1

—_—

2. Influence of carbon upon

steinless steel properties,

Chrome-nickel stainless steel of austenite class possessing
-

high mechanical properties and resistant to many acids and al-

—e ¥
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kalis is widely used in modern tochnology. A -arioua dravbaok
of this steel is its tendency to develop interory-tnllino
oorrosion. This drawback of the austemite class stainless steel
results from the presence in it of cardbon in quantities which -
are beyond the solubility 1limit for this element at the room |
temperature, ) .

r;;;~carbon solubidity 1imit in & steel conteining I8% cf

chromium end 8% of nickel amounts to 0,02 per cent. This steel
, ;kacnaaa¢! .
: produced in %¥e furnaces, wheg/iihpoweﬂ, presents an oversaturated
carbon solution.ixly’phase. Operating for a long time at high |
temperatures (in the proximity}or 500 - 850 C). or during its
welding, the solid solution desintegrates releasing carbor. or
chromium carblde and iron. This results in an unequel distri-
bution of chromium in ﬁpe stesl, or;gination of low chromium
7content“regiohs which reduce corrosion reéiatancg of thé';tegl
especially near the of greains boundafies;!Iy 1s.possib1e to°‘
sliminate the tendency towards the integ[granular corrosinn of
steel containing 0.06 - 0.07% of carbon only by adding td it
titenium,columbium or tantalum, |
Chrome-nickel stainless steel of asustenite class dnn resist
intercrystalline corrosion if its carbon content does not ex-
ceed the solubility limit. Untill recently it was not pessible
to produce this steel with the carbon content lower ﬁhan
0,06 = 0.07 per cent in the are furnaces, using ferrochrome pro- .
duced by silicothermic methods and conteining about 0.06% of
carbon.

Oonly utiligation of ferrochrome produced in a veouum fur-

nace and containing 0.0I - 0.03% of carbon made it possible to
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produce chrome-nickel stainless steel containing not more than
0.03 per cent of carbon., Steel with & higher carbon content was
produced under similar conditions; in some heats titanluva was
used es stahilizing element [61. Chemical analysis data for the
steels that heve been studiea 1s given in taﬂle 5+ Forged steel
csamrles were subjected to thermal treatment - one halfl was quen-
cred in weter, the second half wes quenched in water and annealed,
Sor-ler of steel contsining ¢.C7 - 0.09% of carbon were heeted
+o 11c0°c before the quenching eud trose of steel containing
0.0] - 0.03% ot curbon - to the temperature of IOPOOC. Annealing
of the samules was done by keeping them at the temperature of
650° for two hours.

The tendencyv towaerds the intercrystalline corrosiocon wes 1--
texr Inerd on samples of quenched and annealed steel,

The semnrles of steel containing 0.07 - 0.09 % of carbon we-
re subjected to boiling for 48 hours, anad of the steel containing
0.0 - 0.03% of cerbon for 72 hours, in a solution containing
1IC gremm of CuSO,. bHQO s 95 cm3 of H;?SO4 and I0CO cm50r water,
The dryed samples were knock-tested on a marble jplate. Then each
sample, secured in a vice, was bent by a hammer blow to the angle
of 900. Presence of cracks in the plece of bend indiceted that
the steel is subjected to intercrystalline corrosion,

The quenched steel of all the heats proved resistent to the
intercrystalline corrosion, The table 3 shows the results of determ
minine the tendency of quenched steed to intercrystallitne cor-
rosion., The sign (+) marks the steel resistant to corrosion; the
canus (=) marks steel subjected to corrosion,

The ateel containing 0.07 - 0.C9% of cerbon proved afected
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by the intercrystalline corrosion after keeping it heated to
650° for two hours and then boiling it for 48 hours. The sten!
-+{*» twa increased carbon content and with the aeddition of ti-

- tanium proved resistant tc corrosion after anneeling and boiling
for 4! hours.

No tendency towards the intercrystalline, K corrosion was
traced in snneasled steels containing 0.0l - 0.,03% of carbon,
after boiling them in the solution for 72 hoﬁrs.

Presence of titanitum in the chrome-nickel stainless steel
reduces the harmful influence of cerbon causing the iutercry-
stalline corrosion.

Resistance of guenched and annealed steel to chemical cor-
rosion bas been determined by boiling samnles in 60# nitric
acid for four cycles, 25 hours each, The resistance to the ac-
tion of boiling nitric scid was determined by the loss of weight
during the separate cycles - ’t/mel hour.

%hile determining the resistance of steel to general SOIe
rosion it was fourd that the quenched steel from ell the stu-
died heats possesses satisfactory Tresistence. But the steel of
the heats 4202, 4203%, 4204, 4205, 4206 containing from 0.0I to
0.03% of carbon has a greater reslstsnce. than the steel with
& higher carbon content, and second, that the quenthed nteel
containing titanium is less resistant to the feneral corrosion
than the steel withh the same carbon content but without tita-
nium, v

The teble 3 gives the results of determining the resistance
of annealed steel to the actlon of 60% boiling nitric uoid.

The results of determining the resistance of steel to gee

neral corrosion after fquenching, and after the queqohlng and

sennealing are given on fig. 6.
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The steel of the studied heats is subdivided in%o 3 groups = g
rfirst {s the steel countaining 0.0I -~ Q.03% of carbon, second - F
stesl containing 0.07 -« 0.09%, and the third - steel with in-
creased carbon content and titanium.

The studied annealed steels differ greatly as regards the
general corrosion resistance, Keeping of quenched steel contail-
ning 0.0I - 0.03% of carbon at 650o for two hours almost d4id
not change the general corrosion resistance; the resistance of
this steel annesled 1s practically equal to that of the guenched =«
steel,

Considerebly less resistent is the annealed steel contal-
ning 0.07 - 0.09% of cerbon. After the second cycle a sharp de-
crease of corrosion resistance is obvserved, Annealing of this
steel after the hardening results in a sharp decrease of the ge-
neral corrosrion resistance..lnoreased carbon content changed the
character of surface fallure of the samples-pinnoles cérronion
was observed, These spots of intensive logel corrosion spreading
all over the surface of the semples evidently csuse higher los-
ses of steel when 1t is boiled inm nitric acid, ’ |

The least resistant to tlie general corrosicm proved to be
the annealed si. el with an increased carbon content (0.07 -0.09‘)
and with additions of titanium. Xeeping it for two hours at 650°, |
after the quenching, led to a reduction in many times of its re-
sistance to Fro>liling nitric acid. Violaticn of homogenous struc- ‘
ture of the solutién due to release of titanlum carbides during
the &nnealing of quenched steel is the main cause of quicker
desintegration of the steel containing titanium.

Cpnsequently while nceutralizing the harmful influence or.

carbon as regards the tendency of steel towards the intercrysta-
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1line corrosion, thertitanium ad@itﬁoh decreases the general
corrosion resistahce'orrstesl. }

Production of}chroﬁe-nickel steinless éﬁeal with ean in-
créased“general cgrrosion resisténce and also resistant to the
intercrystalline csrrosionris thugopossiblé.oﬁly with féiro-
chrqme containiﬁg not more thean 0.03% of carbon. bnlﬁ in this
caée it is rossible to préduce higp’qualityfstainless steel
without additions of titanium or costly sdditious of rare co-
Jumbium or;tantalﬁﬁ. g, '

\ | _22ll22LlQn_Qz_xannng_gg_gzgdnamian

of ferroalloys and metala.

/:

Application of vacuum made it possible to solve the pro-
blem of producticn of ferrochroma containing not more than
0.03% of carbon. The reaearoh fcr develoning of the production
technique for‘this alloy was conducted by S.V. Bezobrasov [7],
who’studied the process of decarbonizaticn of high-carbon fer-
rochrome in wvacuum, i

Chromium oxide, chromium are, nickel qxide and silica
were used e&s oxidants. Small rods of fine ground high-carbon
Tferrochrome and oxidant were kept for é certgin period in =
vacuum resistance furnace, As a result the carbon content in
ferrochrome went down t? 0.0 - 0.03 per cent.

1t was found that in cese of keeping the rods 30 mm high

and - 30 mm in diameter under the pressuré of 5.10“2 mm Hg, &at

I250-I§00°C, the decarbonization period lasts for IO -~ I4 hours.
Naturally, the rate of decarbonization directly depends upon
the capacity of vacuum pumph,.

The table 4 gives data on refining of high-carbon ferromre
o vecreens. Mg ¢5&4béaaé'aﬁzza;y'»*ﬁti Py /¢2¢zua_-
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n
i chrome nagsaie! containing (%%):
, c Cr Ssi S P
7«50 65.0 C.8 0.04 0.058
In all the cases oxidant wes added to the high-~carbon fer-

rochrome Iin quantities theoretically necessary for the carbon

-

oxydation,.

It was mentioned abova that 1t is impossible to receive

rerfochrnme wilh such a low carbon content using silicothermic
’methods. Consequently, refining of chroﬁium in a so0lid state
goes quicker and is more completa then iua a liguid stete, though
the increase of temperature should have accelerated the oxida-
tion of carbon. Praecticelly all carbon in ferrochrome is gathe-
red in cerbides, which collect on the grains boundaries. And

the fracture originates, firft of all, along these boundaries
when the sample is crushed oi.broken, in other words - after
crushing of high-carbon ferrochrome the carblides- are found on
the surface of the particles. Formed under pressure into rods,
the carbides are nlaced in close contact with the oxidant., In
this case the activity of remgents is equal to one; in a 1iquid
soluticon it is naturally lower. Increase of the activity of rea-
gents accelerates the reaction.

New method of production of ferrochrome containing no car-
bon makes it possible to produce basically new elloy of a superlor
quality and simplifies the technique of ferrochrome production.
Indeed, as shown on fig.?7 it 1s necessary to use three sre furnae
ces in silicothemic method of lowecarbon ferrochrome production
- cne for meking ferrochrome with the highest carbon content,

second ~ for malkding silicochrome, and third - for production .
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of low=carbon ferrochrome by means of refining silicochrome,

We cah state that the expences on installation of the equipment

for crushing of high-carbon ferrochrome and the oxidant and also 10}
preparing of briquetts that are necessary for the alloy produc-
tion in vacuum, are much lower than the cost of an are furnace,
Narrowing of the 1list of raw mate;ials and sharp decfease in the
quantity of slags resulting from the utilization of vacuum in
low-curbon ferrochrome productlon - these are additional ractors
that make the alloy chearper,

A.A, Vertman [ﬁ] in latoratory found a possibility of pro-
ducing chrome of a composition similar toc trat of the electros
lytic chrome, using reducticn by carbon of chrome oxide in vacuum,

Ductile vanadium was produced by A.U. Poljakov [9] by reduc-
tion of venadium trioxide by carbton in vacuum,

The vacuum furnaces will undoubte ly find a wide application
in ferrcalloys and metals productiion,

4, Treatment of l1igquid steel in vacuum,

Though during the last several years the utilization of va-
cuum furnaces he&s consideraebly grown, together with their cepa-
city, we can not yet count on aennual production by them of hund-
reds of thousands tonns of steel, due to complexity and high
cost of baslc equiprent and the necessity to use electricity as
a source ct! heat,

In 1941 a new and simplier methud of application of vacuum
in steel industry we&s propcsed, Essentually, the proposai was:
liquid steel prcocduced in any type of Turnace is subjected to a
treatment in vaouum'in order to reduce 1its oxygen, nitrogen and

hydrogen contents, and the treatment can take place while keeping

the ladle in a specieal chamber or while pouring the steel into

ingot noulds.
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Industrial tests of ons of the proposed methods were conduc-
ted by L.M. Novigvtogether with the staff of Enakyevsky metasllurgi-
cel plent and of the "Dneprospetsstal® plant, JIO, II}. At Ena-
kyevsky metallurgical plant they subjected to vacuum traastment
bessemer steel in a ladle of 16 tonn capacity, The vacuum above
the 1liquid steel was created with the help of water rotating
pumps which provide the residual pressure of about 70 mm Hg,

The steel was kept in vacuum for I2-I4 minutes, Before the pou-
ring the vacuum was removed and the steel in the ladle deoxidi-
zed by rerromangenese, In the moldé the steel mede soms shrin-
kage characteristic for/the deoxidized steel.

Change of oxygen and nitrogen contents in a reaming besse-
mer steel during the process of vecuum treatment 1s shown on
rfig. 8. As we can see the oxygen content decreases 4-10 times
after the vacuum treatment; nitrogen content - by 30-50 per cent
Reduction of the content of those elemenis in bessemer steel,
especielly that of nitrogen considerably lowers the tendency of
embrittlencent et low sarvice temperatures,in other words,
allows for wider application of this steel,

The fig. 9 shc~s Bauman prints of billets received sfter role
ling of Lessemer steel 1ngots:‘i3f - non-treated steel, 12?,-

steel treseted in vacuum,

The Absence of strongly pronounced segregation in the bil=-

let produced from vacuum treated steel testyfies 1ts superior

quality.

-

At the "Dneprospetsstael”™ the vacuum treatment was used 1in
production of transformer and construction steel 1in are furg:-

ces. At first the chambers here were equipped with Watllyraf;;g

pumps which could not produce high vacuum., As a rule the length

cf vacuum treatment amounted to IO minutes, while S5~7 minutes

[
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after the pumps were started the pressure inside of the.chamber
amounfed to 60-70 me Hg. lLeter on after installation of one oil
pump to each chamber the residual pressure was brought down
to 30-35 mnm Hg.
~ The chemne of the cHamber for the vacuum treatment of 1i-
quid steel in 4é5't§ ladle is presented on. rig. IO. .
Before the application of wvacuum tféatment, to avoid pro-

duction of unsound ingots the prdcess of heat was conducted at

reduced teuwperstures which led to overoxidation of steel and
slowed"down the desulphurafioh. The wvacuum tieatﬁent of this
‘steel prevents prigination of unsound 1ingots and makes it pos-
sible to conduct the heat at higher temperatures.. In this way

the production of transformer steel with lower carbon, oxygen

and sulphur contents was achieved,

All of them wre hermful admixtures that lower the proper-

ties of steel,

o

Fig. II. shows distribution of heaﬁs}according to the car-

bon and sulnhuf content ni(gg;ﬁtransformer steel bqfofe and af-

ter introducing the vacuum ireatment. Ail the heats are also
divided into 3 pericds: first - prior to the application of va-
cuum treatment; second - september-novemher I955 J_freatment in
vacuum preatéd by water rotating pumps; third (December 1955 -
Februery I956) - treatment in vacuum created by oil pumwvns. In

brackets the number of heats in separate periods is given. The

data prezented on fig. II shows that Iif before the vacuum treat-
ment the ¥teel of 90% of the heats contained more than C.04% of
carben and C.007% of sulphur, after the application of wvacuum

treatment the steel of riore than 90% of the heats contained not

more than 0.02% of carhon und C.C05%% of sulphur.
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Higher degree of purity of thpntransrormer'stael resulted in
a decrease of watt losses. Before the vacuum t:éatment o; trans-
former steel the output of 330/type steel amcunted to 49,2 per
éent; during the first period of treatment - 91.4% and during the
szcond period - 93.5 p8rceﬁt{

The wvacuum trestment’ Tavourably 1ﬁfluenced the quality of
the special purpcse:copstruction steel. A major defect of these
steele is the presence in them of haircracks, origineting due to
the presence in yhe;steél of hydrogen and ponmetallic inclusions.
Ten minutes treatment of steel 1in ; ladle under the pressure of
about %0 mm Hg reduced the hyerEgﬁ;COntent and consequently the
possibility of haircrecks origination. '

The obtained results show that‘at present the metallurgists
have a siﬁple but effective meens-ofqihproéiﬁé the quality of ”
many steels. Thre necessary arrengements for the vacuum treatment
¢l liguid steel cun be easily rmade on any ﬁe%ailurgical plant,
uar.d the trewtment itself does not in£errupt‘the nermal routine
of rroetucticu. The veacuum trestment of ligquid steel not only im-
nroves ite propertizs but also glves an ogportunity of increesing
Lthe cutout of steel furneces hecause 1t reduces the length cf «
reut.

5. Peuring of steel in vacuum and

in an etnosphere of 1inert geases.

T'e veaceuur trestipent of liquid steel 1s only & stage in the
cenerual aystem of re&sures providing for producticn of steel with
the minirum gas content. The Irnprcovemwents zchieved at this sta-
ge can bve lost as & result of & seccndary oxydation of steel in
the nirvﬂurinr 1ts reouring. Therefore the pourirng of vacuur trea-
ted stewl 1n vacuun or in an stmosphere of un inert gas beccmes

guite ndicjenselle.,
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Fig. 12 shgws ong of the suggested devices'tor pbufing of
(éteel in an atmosphere of argén. After the”molds are pleced
upon the bottom plate the cover °1is placed upon them and the eir

fis evacueted fror therchamher, which:1s then filled with argon.
After plecing the ladle zbove the'chgmber the a;}uminiumkplate
separatiﬁg the chariber fyor the etnosphere is melﬁed by the stre-
ar: of steel and the pouring'gqes cn in thé atnosphere oTidrgbn.

First tecsts of this device showed that after poufing reat-
resistant‘steel, the received ingots required almost no further
lublln‘né.rhll tte ingots of this steei prcducedgin the sair &fen
subgect ed to ebrading which causes considerable 1o osses cf the

c

exrensive metal N ] : : o
rlb. I3. sbovs : AL— surrfaece .of an ingot produced BW fhe
old* rethod and S cast with tbe help of the above mentioned
device utilizing the Drotective atUOSphere of argon.
Applicaetion of such & device leads to a considerable:reGUC—
tion of the inert gasr(argcn) consunipticn, 4s & matter of fact
less expensive nitrogen can be useq as anert cas iﬁ nouvring of

e number of steels.

6. The immediste tdsks,

Tie are at the very beginning of wide application of wvacuum
in steel productlon. Successful and rapid introduction of new
rrethods into every-day practice largely depends upon the efforts
of machine builders, electrical engineers and metallurgists,

A ngor task is to find refractory materials which can be
used for prcductinon of crucibles for vacuurm furnaces. Production
of steel with the minimum content of impurities 1s possible on-
ly on the condition of absence of chemiceael interaction of molten

metal with the furnece lining. In the majorlty of cases the mag~
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nesium,oxide linings will evidently prdve inapplicable, bsceause
the magnesium produced as a result of ;fg;lﬁction of this oxide
volatilizes, and the oxygen or oxides pioaﬁced.dissolve in tﬁe
metal. Fig. II. shows that after remelting of chfome~nickel stesel
in vacuum its oxygen content:- increases, and the‘longer is it

kept in vacuum, the higher 1s the oxygen content t;é]. Absolute
oxygen content in stainless steel turns cut to be close to the
limit of oxygen saturaticn for this steel. [i}, ié].

lore attention should be paid to +he research of processes
going on invacuum furnaces. The kinetic of the purification of
metal from admixtures - carbon, cxygeni sulphur, phosphorus etc.,
shoul. be studied. . ’ ‘

To determine the opfimal methods{ﬁf steelipfoduction in va-
cuur furnsces, it is necnssary o study the behaviour of sepa-
rate components of molten me'tel in vecuum,

The contrcl of the process of melting in vecuum will ba con-
sidérably simplified, if methods of tempersture of the molten me-
tal controle and Its composition-controle are oeveloped.

The degr:e of purification of 1iquid steel Tfrom oxygen, ni-
tregen and hydrogen during the vacuum treatment depends on the
existence of" favourable conditions for their removal. High hy-
drostetic p.oessure. in ladles of, saf,/200 tonn cepacity will be
an obstacle for exhalatiom of gases from steel. It is necessa-
ry to use on the plants ladles with induction coils. Stirring
of molten metel in the ladle will help to overcome the adverse
influgsce of hydrostatic pressure. A ladle equipped with an in-
duction coil can be kept under vacuum longer without the denger
of overcooling the steel.

It is necessary to rfind cheap refractory materials of high §

*
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quality for making ladle linings and stoppers because greater
wear of refractory materisls can be expected az a result of va-

cuum treatment of steel in the ladle. - . “

' ====000000000====

Sanitized Copy Approved for Release 2011/04/08 . CIA-RDP81-00280R000200020029-3 4 o __|



Sanitized Copy ApprO\}ed for Release 2011/04/08 . CIA-RDP81-00280R000200020029-3

RE¥FERENCXS

I. Anosov P,P. "On ingect steel production™ - Mining magazins

p I, book 1, IB37,

2. Chernov D.K. "Researchk in structure of caest steel ingcts™,
Journal of Russien metallurgical society”. Part I, vol.I, [9I5.
5 GehAe Garnyk,A.M. Samarin - Influence of metrod of melting upon
the properties of trensformer steel - Paper at the conference on
arplicenticn of vecuum irn metallurgy. Merch 1956,

4e GohA. Gernyk - "Influence of method of melting upon the proper-
ties of traasformer steel”™, Thesis, Institute of MNMetallurgy, Aca-
demy of Sciences USSR 1953.

5. G.A. Garnyk - "Ceni-industrisl experiments of transformer
steel production at the "Electrostal® piant in a vacuum furnace
of 150 kg capacity™, Rerort. 1955,

6. AJJ. }Lkunln - "Influence of cerbon and titanium uron th.
properties of stainless steel"™, Greduation paper. Moscow Insti-
tute ol steel. 1954,

7. S.V. EBesobresov - "Production of rerrochromium{v&ohout;carbon’

by decarbonirzsation of ferrochromium 1n vacuum”, Paper at the con-

Terence on spplication of vacuum in metallurgy. Narch I956.

8. A.A. Vertman - "Mechanism of reductiocon of chromium oxides by
carbon in vacuum”, Thesis I956.

9, R.A. Karasev, V,1, Kashin, M,.S. Makunin, A.U. Pojakov. A.M.Sa~
marin. -« "Reducticu of vanedium oxide in vacuum". News of the
Acwedemy of Sciencec, USSR, OTN, vol.&. I956.

10, LeMe Novik - "Study of the properties of vacuum - treated
bessemer steel®, 1954 - 1955, Report,

11. Speransky - "Industrial methods of vecuum trestment of high

U

Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200020029-3



Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200020029-3

alloy steel at the "Dneprospetstal"™ plant.Paper at the conferense
on application of vacuum in metallurgy. March I956.

I2. R.S. Beljakov - "Properties of stainless steel produced in
vacuum™,. Peper a2t the conference on application of vacuum in
metellurgy. March 1956.

I3. B.V. Lynchevsky, A.M, Samarin - "Solubility of oxygen in

molten iron-chromium andriron-chrome—nickel". News of the Aca-
OTN

demy of Sciences, USSR,/-ﬁ vol. 5. I953,
14, S.V. Bezobrasov, A.M, Samarin - "Solubility of oxygen in

molten iron, chromium and nlckelr™, OTN
News of the Acedemy of Sciences. USSR;/vcl 12, I955. m

‘ N - S
Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200020029-3 3 .3%



Sanitized Copy Approved for Release 2011/04/08 : CIA-RDP81-00280R000200020029-3

Zeble 1.

T T MR TTeT—

c c ALYSIS OF T 0 S

*t -3 1 3 3§ 7 ¥ F F & F.-F F £ R-2-F RS2 -%-F R % % 3 T ¥ ¥ B ¥ 3 ¥ £ & - } 3 L3k Lt ¥ 2 % & f % & 2-# & X X 3 ¥ : 2-% 3 _JX ¥ % S 1 1 ¢ $ % 2 1 3 R % I} J |

Steel produced:NN of: % <o :
in :heats: C : 51 : 0 : N : H :ponmetallic in-
T L R e e S SR - S gy g e A Y e - e - - . S S et - e o - = T G T G S T oy o G S T - ) Olua 1°n8 - '
3 & conventio- I 0,040 3,50 0,01I92 0,0056 0,00020 00,0390
nal furnece 2 0,040 3,53 0,0I77 0,0030 ©0,00030 0,0340
3 0,030 3,24 0,0I95 00,0044 0,0004C 00,0500
S 0,025 2,63 00,0182 00,0028 0,00020 0,0380

D G on e GFOh Eran U P o S D O 09 & . O A6 & S-S > G Sh @0 40 G0 SP-G» G @ G0 SR @0 D P AR IR O A0 @0 G0 GF BS-00 GF G @0 G» S G0 S @ e G @ S G SN G W s Gh O T G5 S-S 06 O S A

o vacuum

furnace 6 0,0I5 3,12 0,00I9 00,0028 0,00005 00,0042
? 0,020 2,92 0,0026 0,0042 0,00005 0,C070
8 0,020 3,35 00,0022 0,0037 0,00005 0,0050
9 c,P20 3,53 0,0025 0,0028 0,00005 0,0050
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‘Teble 2, ' :
COERCETIVE FORCE OF TRANSFORMER STEEL (in oersteds)

-ﬂt----------------a------------ - S SRS Gh S5 P G g S We S5 G S T 0 O 4 AR O 4 i Ep Ab S e O 4 dn o O & OB G b

o¥ E::::;“~.__Thi0kne:: ;;.plates .:. 0’32 : 0,20 : - 0,08
35673 0,204 0,247 0,256
35668 C,2%7 0,260 0,290
27941 ‘ 0,290 0,376 - 04315
37947 0,314 0,234 -
33367 0,230 0,371 | 0,277

D M e W S G e Gn e A S G5 W D G G B 4 00 S OGP 9 G O O D O S0 e B OB - P S b e - e s Olb @i drs S b D G @ WS 43 4D AR TR G R e 0GR O S5 S W S GRS
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CHRMICAL ANALYSIS APW/S®ES& AND PROPERTIES OF CHROMF-NICKEL

Table 3
STAINLELH STEEL,

LY s EXR T T LT LY LY T LY 1 1 3

: <% iResistance of :Weight losses
n - tateel to inter :of submerged
cof huats: : : : : : : serysialline comsteel during
H : : : : : : :rosicu, :four 25 hous
: c cr : H Mn : 81 8 : P : :cycles,gr/m"/
H H : : : : : : : hour,
s L}
3816 0,07 17,90 8,73 0,24 0,33 0,014 - - 0,620
3870 - 3409 16,36 9,30 0,26 0,42 0,013 - - 12,060
3825 0,07 16,67 9,05 0,18 0,41 0,016 - - 1,900
&I24 0,08 17,48 8,98 0,34 0,41 0,0I7 - - 4,432
8125 0,09 17,91 7,76 0,48 0,66 0,014 - - 3,600
386 0,07 17,50 9,02 0,32 0,47 0,013 oy + 12,110
5.6 0,00 17,08 8,70 0,53 0,39 0,016 02 + 23,950
GOB(a. : BE. " L LT L T T Y L SrorrsancorP0eS
820 0.02 18,95 8'85 0.69 0.19 0.015 Ll + 0,126
42: 3% 0’03 19,21 8,58 0,57 0,17 0.01? - + 0,131
32C% 0)02 19,28 8|I“ 0.71 0,26 0.01’ - + 0,138
420.5 0,01 19,05 8,19 0,61 0,22 0.012 - + 0,239
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CHEMICAL ANALYEISE OF LOW CARBON FERROCHROMIUM PRODUCED

IN VACUUM
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: %
oxid.nt ; . : " Si“ N . X L r X r ¥ T ¥ ¥r ¥ ¥ ¥ ¥y

e - cr * s1 : : :

. ; : 1oz, & P ] {1
Chromium oxide 0,01+0,02 74-75 0,4~0,5 - 0,03 0,03 -
8ilioca 0,03 62=G4 - 7,60 o - -

—-8,5
Chromium ore o,02 63«65 1,2«I1,8 - - - -
Niokel protoxide 0,03 47-51 - - - - 26 - 28
- e G on - TR db % O S &n e T an e E an oo - m.
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